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Overview: Enlarged external occipital protuberances (EEOPs) are found in 41% of 
young adults. These EEOPs have the potential to lead to pain throughout life and possibly 
surgery. Little is known of the pathophysiology or characteristics that could lead to these EEOPs. 
Purpose: The purpose of this study is to use radiographic measurements to investigate how 
anthropometrics, neck posture and neck strength in flexion and extension differ between those 
with and without an EEOP. Methods: 80 radiographs from three different studies were digitized 
and the marking of landmarks performed in ImageJ. The cut-off for an EEOP was established as 
any EOP greater than or equal to 10 mm. Neck strength and anthropometrics have been 
previously collected while all neck posture variables were measured using models in Microsoft 
Excel. Outcome measures were (1) body mass, (2) head circumference, (3) neck circumference, 
(4) neck length, (5) gravitational moment arm, (6) intervertebral joint angles, (7) skull angle, (8) 
forward head protraction, and (9) isometric neck strength. A two-way ANCOVA was ran with 
between factors of sex and EEOP occurrence on each variable and a covariate of neck length. A 
Tukey post hoc test was run on any significant main effects, and simple effects was run on any 
significant interactions. Significance level was set at p < .05. Results: There were no significant 
differences in neck posture, age, body mass, height, or neck strength between the those with and 
without EEOPs. Neck circumference was significantly different in those with EEOPs, where 
participants with EEOPs present had larger neck circumferences. Conclusion: EEOP occurrence 
does not seem to be due to differing neck postures in neutral, but a larger neck circumference 
may indicate larger neck muscle volume which may point to muscle size and strength as possible 
influences. Future work should look at neck muscle volume and strength between those with and 
 
 
without EEOPs, focusing on even sample sizes within each age distribution and treatments 
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Chapter 1: Introduction 
 Recent research has reported 41% to 44.9% of young adults have enlarged external 
occipital protuberances (EEOP)1,2. An EEOP is an excessive bony growth off the external 
occipital protuberance. With these EEOPs come the possibilities of migraines, surgery, surgery 
complications, and tenderness in the back of the skull3–8. If the EEOP were to cause migraines, 
this can cost an individual on average $4027 a year in medical bills1,2,99. With a high prevalence 
of EEOPs in younger populations and the possibility of medical complications, understanding 
what differentiates those with and without EEOP is vital to improving the quality of life and 
reducing the yearly cost of living for these individuals. 
 A high prevalence of EEOPs in young adults has been previously established 1,2,10. 
Furthermore, previous work has studied the pathophysiology of enthesophytes, or an abnormal 
bony prominences at an attachment site, in other areas of the body11–15 but little to no work has 
looked at the pathophysiology of the EEOP. We have been able to rule out inflammatory and 
genetic causes16, still leaving mechanical factors as possible explanations. Although the high 
prevalence of EEOPs is alarming, there is a lack of research looking at common characteristics 
and posture differences between those with and without EEOPs. 
The purpose of this study was to use radiographic measurements to investigate how body 
mass, height, neck anthropometrics, neck posture and neck strength in flexion and extension 
differ between those with and without an EEOP and how sex may influence these differences. 
This was a radiographic retrospective study of 80 radiographs from previous work17–19. 
Radiographs were digitized, and posture measurements recorded using ImageJ. Neck strength 
and anthropometrics were previously collected. Our hypotheses are as follows: 
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1. We hypothesize that neck posture in flexion and neutral will differ between those with and 
without an EEOP. Specifically, those with EEOPs will have more flexed intervertebral and skull 
angles. Flexed intervertebral angles may cause the nuchal ligament to be more taught, therefore 
putting more stress on the EOP. To test this hypothesis, we will compare the intervertebral 
angles, skull angles, neck length and gravitational moment arm of the head between those with 
and without EEOPs.  
2. We hypothesize that those with EEOPs will have greater neck strength in flexion and 
extension compared to those without. Previous work has shown that bone growth and bony 
prominences rely on the mechanical pull of muscles, therefore, those with greater neck muscle 
strength may put more stress on the EOP leading to an excessive growth20,21. To test this 
hypothesis, we will use previously collected isometric neck strength measurements and 
compared them between those with and without EEOPs. 
3. We hypothesize that age, body mass, neck circumference, and head circumference will all 
be larger in those with an EEOP compared to those without. Similar to neck strength, increased 
body mass and neck circumference may indicate larger muscle volume, in turn putting more 
stress on the EOP. A larger head circumference would indicate a heavier head, needing stronger 
neck extensor muscles to maintain head position, in turn, putting more stress on the EOP. To test 





Chapter 2: Literature Review  
2.1 Anatomy of the EOP 
 The EOP is located on the external-posterior surface of the occipital bone22. Other bony 
landmarks near the EOP include nuchal lines that run superiorly and inferiorly to the EOP22. The 
EOP can be shaped differently between people and is classified into three categories: Type 1 
(smooth), Type 2 (crest), or Type 3 (spine)4,23 (Figure 1). A Type 1 EOP follows the curvature of 
the back of the skull with no protrusion from the skull while a Type 2 EOP presents as a crest 
shape protrusion from the back of the skull. Finally, a Type 3 EOP is an excessive spined shaped 
protrusion from the back of the skull.   
 
Figure 1: Type 1 (left), Type 2 (middle), and Type 3 (right) EOPs circled in red on a sagittal 
view radiograph. 
Muscles of the EOP 
The EOP is an attachment site for the nuchal ligament that extends from the EOP to the 
spinous process of C7 24. The nuchal ligament serves as a site of attachment for the upper 
trapezius, rhomboid minor, splenius capitis, and serratus posterior muscles25. This site of 
attachment between the nuchal ligament and the EOP is referred to as an enthesis or a sight of 
ligament or tendon attachment to bone 26. The enthesis is of importance because it serves to 
distribute forces from these muscles or joints over a larger surface area of bone27.  
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Nerves Of the EOP 
There are also nerves that run closely to the EOP (Figure 2). The greater occipital nerve runs 
between the inferior oblique capitis muscle and semispinalis capitis and continues deep to pierce 
the aponeurosis of the trapezius inferior to the superior nuchal ridge3. This nerve provides 
sensory innervation the skin of the posterior scalp3. The third occipital nerve runs as close as 3 
mm from the EOP and has smaller branches that extend inferior to the EOP28. This third occipital 
nerve runs through the trapezius muscle and ends at the skin near the midline of the occipital 
region29. The third occipital nerve innervates the C2-C3 facet joint and partially innervates the 
semispinalis capitis muscle28. It has been proposed that an enlarged EOP may impinge on these 






Figure 2: The Greater Occipital Nerve (GON) and the Third Occipital Nerve (TON) run closely 
to the EOP. Lessor Occipital Nerve (LON) and Inferior Oblique (IO) also surround the EOP. 
Received From: From Management Options in Occipital Neuralgia: A Review. J Peripher Nerve 
Surg: 2020; 4:7–14. DOI:10.1055/s-0040-1716451 - Scientific Figure on ResearchGate. 
Available from: https://www.researchgate.net/figure/Artistic-representation-of-Posterior-view-
of-Occipitocervical-junction-and-Anatomy-of-the_fig1_344455452 [accessed 10 May, 2021]. 
CC-BY-ND-NC  
2.2 Enlarged External Occipital Protuberances 
Recent literature has discussed the potential for enlarged external occipital protuberances 
(EEOPs)1,2,10. These EEOPs have been categorized in various ways, including as an 
enthesophyte16, an occipital spur30,31 or simply an EEOP2,10. Similar to the different ways to 
name an EEOP, there has also been different ways to classify if someone presents with an EEOP 
or not (Table 1). For example, Shahar & Sayers, (2016) classified an EEOP as an EOP that 







Preliminary data from our study has shown that Type 3 EOPs consistently exceed 10 mm while 










EOP Measurement Results 
Jacques et al., 2020 Compare the prevalence 
and size of EOP 
enlargement in young 
adults in 2019 and 2011 
along with 2 ancient skulls 
France and Egypt Enlarged EOPs were 
classified as Type 2 and 
Type 3 EOPs 
EOP volumes were taken 
with “Freehand Volume of 
Interest” tool from 
SyngoVia and Type 1, 2, 
and 3 were classified by 
looking at the EOP 
In 2011 the EEOP 
was 2.13 (1.36) cm3 
and in 2019 the 
EEOP was 2.00 
(1.66) cm3 (not 
significantly 
different) 
Shahar & Sayers, 
2016 
To quantify the prevalence 
of EEOP in young adults 
and compare with a cohort 
of mildly symptomatic 
age-matched individuals 
Australia  An EOP was classified as 
large if it was greater 
than 10 mm 
Genesis OmniVue, 
Genesis Digital Imaging 
was used. Measured from 
the most superior point of 
the EOP, or base, to the 
point of the EOP that is 
most distal from the skull 
Average EEOP size 
in males was 15 (7) 
mm and in females 
was 10 (7) mm. 
Srivastava et al, 2018 To find the prevalence of 
occipital spur in human 
skulls and discuss the 
anatomic morphological 
characteristics of occipital 
spurs 
India  Labeled the EEOP as an 
occipital spur on the 
EOP. 
All measurements were 
done using a digital 
Vernier 
Caliper. The width was 
measured at the base, the 
length was from the 
midpoint of the base to the 
apex, and the thickness 
was also measured at the 
base 
Average length 
(from base to apex) 
was 13.55 (1.05) 
mm, Width (Base of 
spur) was 19.73 
(4.85) mm, and 
Thickness (at the 
base of the skull) 
was 1.83 (0.39) mm 
Varghese et al, 2017 Description of a medical 
case of occipital spur 
Malaysia  Labeled the EEOP as a 
Type 3 EOP 
Measured from a 
radiograph. Did not 
provide what program or 
steps were used to 
measure. 
One patient with an 
EEOP that measured 
13.4 mm in length 







2.3 Gender Differences 
The frequency of the Type of EOP varies between genders, with women being five times 
more likely to have a Type 1 (smooth) EOP while men are five times as likely to show a Type 3 
(spine) EOP23. These differences are so prominent that the EOP can be used as a criterion for 
determining sex with 85.4% of women having a Type 1 EOP compared to only 17.8% in men23. 
These gender differences are also seen in the prevalence of an EEOP. EEOPs are seen in 67.4% 
of men and 20.3% in women2. These findings are supported by Jacques et al., (2020) that found 
men had significantly higher EOP volumes compared to women with an average of 2.34 cm3 vs 
1.05 cm3. 
There may be a number of reasons why we see these gender differences. It has been 
proposed that enthesophytes may occur due to repetitive tensile load ing on the enthesis site32. 
Men tend to be more active than females and this increased activity level may contribute to the 
repetitive loading of the EOP 33–35. Yet the cause of these gender differences may be more 
anatomical. Men have been shown to have more muscle mass than women36 and an increased 
cross sectional area of muscle allows for more force production37. This increased muscle strength 
may increase the stress on the EOP during daily life and/or activities. Unfortunately, there is a 
lack of research into possible factors that may influence these gender differences in EEOP 
occurrence as well as a lack of research into the proposed pathology of EEOPs.  
2.6 Proposed Pathology 
Although there is a lack of data looking at EEOP occurrence in older adults (greater than 
30 years of age), enlarged EOPs have been found to have a high prevalence in younger adults 
with 41% presenting with EEOPs2. Similar rates of EEOPs in young adults were found in a 
population from 2011 with a 44.2% prevalence1. With such a high prevalence of an EEOP in 
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young adults, it has been proposed that the use of cellphones, computers, and tablets with the 
increased screen time of young adults may play a role in the development of an EEOP2. 
Technological advancements may not tell the whole story though. Jacques et al., (2020) found 
that EEOPs in young adults have been present since 30 B.C. This suggests that the development 
of an EEOP may not be solely due to technological advancements but may have more to do with 
prolonged loading of the EOP in general, similar to what is seen when using a smartphone. 
Another proposed explanation of EEOPs is the excessive growth of the EOP may be 
related to the size of the neck muscles. The development of bony tubercles at entheses rely on the 
mechanical pull from muscle; a lack of this mechanical pull can decrease the number of 
osteoclasts, or bone forming cells, at an insertion site20,21. We also see a decrease in bone density 
with a lack of mechanical stress on the bone38. If the mechanical stress were to increase with 
increased muscle size, it would require increased surface area at the entheses and could cause 
bone growth11,39. This theory may also explain why EEOPs are more prevalent in males2 with 
men having significantly more skeletal muscle mass compared to women36 and increased cross 
sectional area of a muscle fiber increases force production37. This increased force production 
would in turn put more stress on the EOP. This explanation is supported by the theory that 
enthesophyte formation may be explained by a combination of ossification methods and 
repetitive tensile loading on the enthesis32.  
Spondyloarthritis and Diffuse Idiopathic Skeletal Hyperostosis (DISH) are both conditions 
that can lead to enthesophytes. Spondyloarthritis is a Type of arthritis that is caused by a 
combination of mechanical and inflammatory factors14. DISH is a non-inflammatory bone and 
entheses disease that is characterized by ossification of the enthesis40,41. Enthesophytes are a 
common finding in patients with spondyloarthritis and DISH13,15,42. Previous studies have shown 
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that larger enthesophytes occur more commonly in patients with spondyloarthritis compared to 
healthy controls 13,15,42. Yet, enthesophyte formation from underlying diseases like 
spondyloarthritis and DISH are more common in older individuals and enthesophytes that form 
prior to the age of 60 are generally in healthy individuals without any underlying health 
conditions43,44. Studies have also performed blood tests on those with enlarged EOPs and  were 
able to rule out any genetic predispositions and active inflammation factors16. With 
enthesophytes formation from spondyloarthritis and DISH being more common in older adults 
and genetic factors being ruled out, the formation of EEOPs may be more reliant on mechanical 
factors rather than a disorder.  
While not explicitly shown in the skull, endochondral ossification comes from another 
site of enthesophytes formation in the body, the Achilles tendon. Enthesophyte formation in the 
Achilles tendon can occur without any microtears or inflammatory responses11. These 
enthesophytes form from a process similar to normal enthesis development along with 
endochondral ossification through the fibrocartilage 11. It begins with the takeover of blood 
vessels into the tendon and the holes made by these blood vessels are filled with bone over 
time11. Although this seems like a possibility, these Types of bone spurs are more prevalent in 
people 60 years or older and take time to develop44.  
2.4 Pain and EOP 
Type 3 EOPs can develop into a subcutaneous scalp pseudo tumor in adolescents, which 
can cause stretching and tenderness of the skin, especially when palpated8. A common complaint 
of patients with EEOPs is pain while laying down in the supine position31,45. At times, this pain 
from the EEOP has required surgery4,31,45 and can cause complications post-surgery, causing the 
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wounds to breakdown and need medical attention5. If the EEOP is subject to trauma, it may even 
break off and require surgery to remove the bone fragment6.  
The third occipital nerve runs closely to the EOP (within 3 mm) and is therefore 
susceptible to compression from an enlarged tubercle7. When this nerve is compressed, it can 
lead to occipital neuralgia or migraines3. With the occurrence of headaches in the adult 
population being 47% and 3% experiencing chronic headaches46, an EEOP could explain some 
of these issues.  
 It has been well documented that there is a high prevalence of EEOPs in younger adults 
as well as the reduced quality of life experienced by those with EEOPs. Yet, little is known about 
how these EEOPs form and what differentiates those with EEOPs from those without. The 
current study sought to identify anthropometric and neck posture differences between those with 




Chapter 3: Methods 
3.1 Participants 
This was a retrospective study of 80 radiographs (40 males, 40 females) from three different 
studies17–19 (Table 2). There were 58 radiographs that came from the University of Washington State and 
22 radiographs that came from the University of Arkansas. All radiographs were taken by trained 
radiology techs. All radiographs were pooled to create one data set. Participants of these studies were 
required to be neck pain and neck injury free at the time of the studies. None of the studies had exclusion 






Summary of studies where radiographs were obtained. Two studies were from Washington State University and one study was from the University 
of Arkansas












To assess the 
biomechanical 
ergonomics of 








Yes Age, body mass, 
height 
17/16 Yes Yes 
Zheng et al., 
2012 
To assess the 
saggital plane 
kinematics of 






No Age, body mass, 
height 








reading a tablet 
in the lap in 
varying 
postures 





No  Age, body mass, 
height 







3.2 EEOP Classification 
Table 1 demonstrates the need for a standardized classification of an EEOP. Previous 
work has considered Type 3 EOPs and EOPs exceeding 10 mm as enlarged1,2,10. Preliminary data 
from our lab has demonstrated that those with Type 3 EOPs consistently exceed 10 mm while 
those with Type 2 and Type 1 EOPs are consistently below 10 mm. With this data as well as 
previous classifications of EEOPs, we used 10 mm as the cutoff for our two groups: greater than 
or equal to 10 mm = EEOP present and less than 10 mm = EEOP absent. The EOP length was 
measured from the base of the EOP to the farthest part of the EOP away from the skull (Figure 
3).  
Figure 3: EOPs are measured from the base of the EOP to the farthest tip of the EOP from the 
skull 
3.3 Measurements 
Age, height, and body mass were measured previously for all participants. Two of the three 
studies took measurements of head and neck circumference using a medical tape measure18,19. 
These circumference measurements were taken three times and averaged.  
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Maximum isometric neck flexion and extension were measured with a hand-held 
dynamometer for 29 of the radiographs18. When measuring neck flexion, participants laid flat on 
their back on a table with their head and neck extended over the end of the table and arms folded 
across their chest. The researcher pushed down on the glabella with the dynamometer and the 
subjected resisted this movement. To measure extension, participants laid flat on their stomach 
with their arms by their sides and their head and neck extended over the end of the table. The 
researcher applied pressure with the dynamometer to the opisthocranion while the participant 
resisted.  
The following posture variables were assessed for each radiograph: intervertebral joint 
angles, skull angle, gravitational moment arm of the head, forward head protraction (FHP) and 
neck length. Each variable was assessed in neutral for all radiographs and maximum flexion for 
51 of the radiographs. 51 of the radiographs were taken with participants sitting while 29 were 
taken with participants standing. While sitting in a neutral posture, the cervical spine has more 
lordotic curve compared to standing in a neutral posture, demonstrating the influence of posture 
on cervical spine alignment47. A between group t-test with between factors of posture (sitting vs 
standing), was run on any significant findings to ensure the two groups were not significantly 
different on these variables.  
Vertebral and skull position were defined by digitizing the corners of each cervical 
vertebral body from C1-C7 and the following anatomical landmarks on the skull: canthus, tip of 
the mastoid process, external auditory meatus, and the EOP. The coordinate systems for C1-C7 
were in line with the recommendations from the International Society of Biomechanics (ISB)48. 
The positioning of the vertebrae was defined as the geometric center of the digitized corners of 
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each vertebra. The C1 vertebra was defined as the mid-point between the posterior and anterior 
tubercles. The skull position was defined by the point on the tip of the mastoid. 
The radiographs were uploaded into ImageJ for the marking of landmarks. The 
landmarking was done by one researcher (Caleb Burruss) to assure reliability. This researcher 
has previous experience with landmarking in ImageJ as well as training from the principal 
investigator on reading radiographs. Intraclass Correlation Coefficients (ICCs) and their 95% 
confidence intervals were calculated using SPSS (SPSS Inc, Chicago, IL) based on the mean of 
two measurements (k = 2) by one rater, absolute agreement, two-way mixed effects model49 
(Table 3). These values determine the precision that the rater has for landmarking each 
radiograph.  
Table 3 
ICC Values, presented are the ICC values and their 95% confidence intervals  
Variables ICC Value 95% CI Level of Reliability* 
Neck Length .992 0.969-0.998 Excellent 
Gravitational Moment 
Arm 
1.000 1.000-1.000 Excellent 
Skull Angle .985 .943-.996 Excellent 
C1-C2 Angle .996 .976-.999 Excellent 
C2-C3 Angle .986 .937-.997 Excellent 
C3-C4 Angle 0.960 .844-.990 Good to Excellent 
C4-C5 Angle 0.970 .887-.993 Good to Excellent 
C5-C6 Angle 0.934 .753-.983 Good to Excellent 
C6-C7 Angle .952 .807-.988 Good to Excellent 
*Poor reliability <0.5; moderate reliability = 0.5-0.75; good reliability = 0.75-0.9; excellent 
reliability > 0.949.  
The marker data was exported from ImageJ and uploaded into Microsoft Excel to run 
through models. To calculate intervertebral angles, a vector was created for each vertebra 
running through the center of the vertebrae posteriorly to anteriorly and at an angle to the 
horizontal. These vectors were run through the ATAN2 function in Microsoft Excel to get the 
arctangent of the vector and converted to degrees, giving the individual angle for each vertebra in 
reference to the horizontal. Each intervertebral angle was taken in reference to the superior 
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vertebrae. For example, the C1-C2 intervertebral angle was calculated as the C2 angle subtracted 
from the C1 angle (Figure 4). The skull angle was calculated as the angle formed between the 
canthus, tip of mastoid process, and the horizontal (Figure 4).  Moment arms were calculated by 
subtracting the x-coordinates of the two landmarks, giving us the perpendicular distance between 
the two points (Figure 4). Neck length was measured as the summation of vertebrae heights and 
intervertebral spaces between C1 to C7 (Figure 4). FHP was calculated as the horizontal distance 
between the superior posterior point of C2 vertebral body and the inferior posterior point of the 
C7 vertebral body10. 
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Figure 4: (A) Intervertebral Joint Angle, (B) Skull Angle, (C) Neck Length, and (D) 
Gravitational Moment Arm 
3.4 Statistical Analysis 
 A 2x2 ANCOVA design with parametric analysis was used to investigate the following 
question: how do body mass, neck anthropometrics, neck posture and isometric neck strength 
differ between those with and without an EEOP and do these differences depend on sex? The 
independent variables for this study are: EEOP occurrence (present or absent) and sex (male or 
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female) with a covariate of neck length. Neck length is being used as a covariate because 
previous work has demonstrated anthropometrics can influence neck posture50. Outcome 
measures were (1) body mass, (2) head circumference, (3) neck circumference, (4) neck length, 
(5) gravitational moment arm of the head, (6) intervertebral joint angles, (7) skull angle, (8) FHP 
and (9) isometric neck strength (flexion and extension). A Shapiro-Wilk test was used to assess 
normality of the data. For outcome measures that are normally distributed, a Levene’s test for 
homogeneity of variance (HOV) was used. For outcome measures that violate our normality 
assumption, a Brown-Forsythe test of HOV was run. A Tukey’s post hoc test was run on any 
significant effects at p<.05. All statistics were run in either SAS (v9.4, SAS Institute Inc. Cary, 
NC) and SPSS (v26, IBM Corp. Armonk, NY). Finally, p-values falling between 0.05 and 0.2 
were also reported as these would be worth designing future studies to better estimate potential 




Of the eighty participants used in this study, 18 participants presented with an EEOP 
group and 62 did not. For males, 35% (14/40) had an EEOP while only 10% (4/40) of females 
had an EEOP. The average EOP lengths were 14.10 + 3.33 mm for those with an EEOP and 2.98 
+ 3.22 mm for those without an EEOP.  Based on visual classification, 51% of participants had a 
Type 1 EOP, 26% had a Type 2 EOP, and 23% had a Type 3 EOP. The range for Type 2 EOPs 
was 1.79 mm to 10.76 mm. The Type 2 EOP measuring 10.76 mm was the only Type 2 EOP to 
exceed 10 mm. With this 10.76 mm EOP taken out, the max for Type 2 EOPs falls to 9.73. 
Similarly, there was one Type 3 EOP that did not exceed 10 mm at 6.96 mm. These outliers were 
left in the data to be consistent with the visual classifications. The between groups t-test found no 
significant differences between sitting and standing for any of the significant findings of this 
study.  
4.1 Assumptions 
There were no violations of normality for the between groups t-tests nor were there any 
violations in HOV between groups.  
 When testing normality for the interaction of group and sex, body mass for EEOP males, 
C4-C5 angle for EEOP females and age for all groups were non-normal. When assessing 
normality by just group, flexion strength, extension strength, age, neck circumference and body 
mass were non-normal for the non-EEOP group. Age, head circumference, and body mass were 
not normally distributed for the EEOP group. Even with these violations, we chose to run a 
parametric test due to the lack of non-parametric tests alternatives of a two-way ANCOVA. This 
increases the likelihood of a Type 1 error with our data set but ANOVAs and ANCOVAs tend to 
be robust to non-normality. There were no violations of HOV between groups.  
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 Head circumference violated the Homogeneity of Regression Slopes assumption of an 
ANCOVA. Females with an EEOP (n=2) had a regression slope of 1.00 which was a difference 
greater than .4 from the other groups on this variable. Due to this violation and small sample 
size, there is an increased risk of Type 1 error for this variable.  
4.2 Neck Posture 
 When controlling for neck length, there were no significant differences between EOP 
groups for skull angle, intervertebral angles, forward head protraction, or gravitational moment 
arms in either neutral or flexion between the two groups (Table 4 & 5). Although not significant, 
the C5-C6 intervertebral angle was more extended in the EEOP group (p=0.13, η2=0.0297) 
(Table 4).  
Table 4 
Neck posture variables (mean + standard deviation) for neutral with their main effects and 
interactions. Positive values for angle indicate extension and negative values indicated flexion.  













20.6 + 10.6 21.6 + 9.0 0.78 0.0010 0.19 0.0216 0.83 0.0006 
Skull Angle 32.1 + 5.8 30.6 + 7.1 0.25 0.0012 0.13 0.0301 0.78 0.0010 
C1-C2 22.0 + 8.2 24.1 + 6.7 0.22 0.0197 0.15 0.0271 0.54 0.0051 
C2-C3 10.3 + 4.7 10.3 + 5.0 0.46 0.0073 0.005* 0.1027 0.29 0.0148 
C3-C4 2.2 + 2.8 2.3 + 3.8 0.58 0.0040 0.26 0.0172 0.51 0.0059 
C4-C5 1.1 + 4.2 -1.3 + 4.7 0.21 0.0211 0.68 0.0022 0.92 0.0001 
C5-C6 1.3 + 4.4 -1.1 + 4.1 0.13 0.0297 0.63 0.0031 0.52 0.0056 
C6-C7 3.3 + 4.0 2.8 + 3.9 0.66 0.0026 0.07 0.0442 0.24 0.0187 
η2= Partial Eta Squared Effect Size, small effect size = 0.04, medium effect size = 0.06, large 









Neck posture variables (mean + standard deviation) for flexion with their main effects and 
interactions. Positive values for angle indicate extension and negative values indicated flexion.  









83.7 + 24.3 86.4 + 19.0 0.17 0.0405 0.91 0.0003 0.62 0.0052 
Skull Angle -11.4 + 15.0 -14.6 + 8.2 0.25 0.0282 0.74 0.0024 0.97 0.0000 
C1-C2 17.9 + 8.8 15.3 + 6.6 0.29 0.0240 0.44 0.0133 0.85 0.0008 
C2-C3 4.2 + 5.5 5.2 + 4.1 0.19 0.0366 0.98 0.0000 0.06 0.0738 
C3-C4 -4.3 + 3.8 -2.4 + 15.2 0.72 0.0029 0.89 0.0004 0.55 0.0079 
C4-C5 -6.5 + 3.0 -9.8 + 15.6 0.55 0.0077 0.81 0.0012 0.63 0.0051 
C5-C6 -7.7 +4.4 -8.9 + 4.0 0.30 0.0235 0.76 0.0020 0.79 0.0016 
C6-C7 -3.6 + 4.8 -5.9 + 5.1 0.16 0.0419 0.31 0.0226 0.64 0.0049 
η2= Partial Eta Squared Effect Size, small effect size = 0.04, medium effect size = 0.06, large 
effect size = 0.1. * indicates significance at p<.05. 
4.3 Anthropometrics 
Age, height, and body mass are presented across groups in Table 6. Height was 
significantly different between males and females (F(1,75) = 7.39, p=.0082) with males on 
average being taller than females.  
 Neck and head circumference were available for fifty-nine participants. There was a main 
effect of group on neck circumference after controlling for neck length (F(1,54)= 5.43, p= 
.0236). The EEOP group had an average neck circumference that was 3.9 cm larger than the 
those without an EEOP (Table 6). About nine percent of the variance in neck circumferences, 
after removing the variance associated with other effects, is explained by group (Table 6). This is 
a medium to large effect size. There was a main effect of group on head circumference (F(1,54)= 
18.48, p<.001). The EEOP group had an average head circumference that was .4 cm smaller than 
those without an EEOP. About 14.8% of the variance in head circumference is explained by 
group differences; this is a large effect size (Table 6). It is important to note that with only 11 
people in the EEOP group, we have a small sample size that may result in an increased risk a 
Type 1 error.  
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 There was a main effect of sex for both neck and head circumferences (F(1,54) = 7.47, 
p=.009; F(1,54) = 38.81, p<.001) (Table 6). Males had an average neck circumference that was 
6.1 cm larger than females. Similarly, males had a head circumference that was 3.4 cm larger 
than females. About 5.5% of the variance in neck circumference can be explained by differences 
in sex; this is a small to medium effect size. About 32.1% of the variance in head circumference 
can be explained by differences in sex; this is a large effect size (Table 6). 
The interaction of group and sex was significant for head circumference (Table 6). 
Females with EEOPs had significantly different head circumferences than the other three groups 
(p<.0001); however, males with EEOPs were only significantly different from females without 
EEOPs (p=.0477). Head circumference for females with an EEOP was smaller than the three 
other groups while males with EEOPs had a larger head circumference compared to females 
without EEOPs. Males without EEOPs had significantly different head circumferences than 
females without EEOPs (p=.0078). Males without EEOPs had an average head circumference of 
58.9 cm while females without EEOPs had an average of 56.3 cm. About 23.6% of the variance 
in head circumference can be explained by the interaction of group and sex. This is a large effect; 
however, females with a EEOP violated the homogeneity of regression slopes assumption and 
had a small sample size (n=2) so there is a high risk of a type 1 error.  
Although not significant, the EEOP group weighed more (p=0.06, η2=0.05) and were 
taller than those without an EEOP (p=0.16, η2=0.03) (Table 6). These variables also had 
interactions that were not considered significant of group and sex (p=0.12, η2=0.0314; p=0.17, 
η2=0.0245) (Table 6). Females with EEOPs weighed more and were taller than females without 




Table 6  
Anthropometric data (mean + standard deviations) for both groups (EEOP present and absent).  
 Enlarged EOP Main Effect of 
Group 
Main Effect of Sex  Interaction of Group 
and Sex 










Age (Years) 23.3 + 5.6 26.3 + 6.9 0.30 0.0139 0.81 0.0007 0.56 0.0044 
Body Mass(kg) 81.3 + 17.4 71.4 + 14.6 0.06 0.0372 0.40 0.0069 0.12 0.0140 








57.0 + 5.6 57.4 + 2.0 <.001* 0.1483 <.001* 0.3209 p<.001* 0.1334 
Flexion 
Strength (lbs) 
28.1 + 4.5 24.7 + 11.6 0.70 0.0030 0.11 0.0350 0.35 0.0179 
Extension 
Strength (lbs) 
53.7 + 11.7 46.1 + 13.5 0.49 0.0082 0.02* 0.1162 0.94 0.0001 
η2= Partial Eta Squared Effect Size, small effect size = 0.04, medium effect size = 0.06, large 
effect size = 0.1.* indicates significance at p<.05. 
4.4 Neck Strength 
 Flexion and extension neck strength was available for 29 participants (Table 6). There 
were no significant main effects or interactions of EEOP presence and sex for flexion neck 
strength when controlling for neck length. There was a significant main effect of sex for 
extension neck strength (p= .02); however, there was no interaction with the presence of an 





 The purpose of this study was to compare neck posture, anthropometrics, and neck 
strength between those with and without EEOPs. Our first hypothesis that neck posture in neutral 
and flexion will differ between groups was not supported. We found that posture did not differ 
between those with and without EEOPs in either a neutral or maximum flexion position. Our 
second hypothesis that those with EEOPs will have greater neck strength was also not supported. 
Neck strength was not significantly different between the two groups. Finally, our third 
hypothesis of body mass, neck circumference, and head circumference being larger for those 
with EEOPs was partially supported. Although age, height, and body mass were not significantly 
different between the two groups, the EEOP group had larger neck circumferences than the those 
without EEOPs and females with EEOPs had smaller head circumferences than all other groups. 
Overall, our findings do not support the idea that neck posture is different if an individual 
presents with an EEOP; however, muscle size may be related to their presence.  
On average, those with EEOPs had a larger neck circumference than those without 
EEOPs. Previous work has shown that neck circumference is a reliable predicter of total neck 
muscle volume52. A larger neck muscle volume has the potential to produce greater force on the 
skull due to an increase in cross sectional area of muscle37. This increased force would also be 
felt at the EOP, possibly requiring greater surface area, leading to an enlargement of the 
EOP11,39. It is important to note that we did not find any differences in neck flexion or extension 
strength between groups. We only had this data for 29 out of our 80 participants, impacting the 
overall power for the analysis of this variable. A larger sample size for these variables may be 
beneficial for future studies. Body mass was close to being significantly different between our 
two groups (p=.0558 and .06 effect size) with those presenting with an EEOP being heavier than 
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those absent of an EEOP, with an average mass of 81.3 kg vs 71.4 kg. Future work should 
investigate the differences in muscle volume between those presenting with an EEOP and those 
absent of an EEOP.  
  Twenty-six percent (17/65) of 18–30-year-olds presented with an EEOP compared to 7% 
(1/15) for those over the age of 30. Previous research has found a prevalence of 41% to 44.9% in 
young adults1,2. Jacques et al., (2020) considered both a Type 2 and Type 3 EOP to be enlarged. 
If Jacques et al., (2020) only considered Type 3 enlarged their prevalence drops to 13.7% of 
young adults. Previous work has used an EEOP threshold of greater than 10 mm as enlarged, and 
our study found all Type 1 EOPs and all but one Type 2 EOP fell below 10 mm2. Therefore, we 
chose 10 mm as a cut-off for enlarged which were all Type 3 EOPs. Shahar & Sayers, (2016) 
considered EOPs exceeding 10 mm as enlarged and found a prevalence of 41% in young adults, 
a much higher prevalence than our 26%; however, they did not correct for the differing torso 
widths of participants to the radiograph machine. By not correcting for differing participants 
widths from the radiograph machine, they will have larger magnifications, leading to larger 
measurements for participants. They stated there was minimal error due to this; however, this 
may have resulted in some participants into the EEOP group due to this small amount of error.  
Consistent with previous literature, more males (35%) presented with an EEOP than 
females (10%) in our study1,2. Shahar & Sayers (2016) reported 67.4% of males had an EEOP 
and 20.3% of females had an EEOP. Similarly, Jacques et al. (2020) found 42-44% of females 
and 55-57% of males had EEOPs. Jacques et al. (2020) found a much higher percentage of 
EEOPs in females, but this is due to them including Type 2 EEOPs as enlarged. If Jacques et al. 
(2020) included only Type 3, their prevalence falls to 6.6-6.9% in females and 18.7-20.9% in 
males and is similar to our findings. These findings are consistent with anthropology literature 
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that found Type 3 EEOPs are more common in males while Types 1 and Types 2 are more 
common in females23.  
There was a lack of evidence to support the idea that kinematics in neutral or flexed neck 
posture differ between those who present an EEOP and those who do not. This is in partial 
contradiction with previous literature. Forward head protraction was found to be a significant 
predicter of EEOP occurrence with every 10 mm increase in FHP resulting in a 1.03 times 
likelihood of having an EEOP10. We found no significant difference in FHP between our EOP 
groups. Shahar & Sayers, (2018) had an overall average FHP of 26 mm while our overall 
average FHP was 21.4 mm. Shahar & Sayers, (2018) had a sample size of 1200 radiographs with 
an even distribution of age groups ranging from 18-86 years of age. Our study was much smaller 
with only 80 radiographs and a narrower age range of 18-43 with only 15 participants above the 
age of 30. Shahar & Sayers (2018)  also found that FHP was greater in those older than 60 
compared to younger adults, yet they also stated EEOPs were more common in younger adults 
(18-30 years of age). These two findings are in conflict with their results that larger FHPs lead to 
a higher chance of an EEOP. This may indicate that FHP is not as strong of a predictor for EEOP 
occurrence as previously stated.   
 The C5-C6 intervertebral angle fell between the 0.5 to 0.2 range of p-values (Table 5). 
The EEOP group had a more extended C5-C6 intervertebral angle. The C5-C6 angle lies in the 
base of the lordotic curve of the cervical spine. A more extended C5-C6 could result in a more 
exaggerated lordotic curve. This exaggerated curve may be due to excessive pull/stress on the 
EEOP from neck musculature. If the nuchal ligament were taught due to pull from neck 
musculature, it would in turn put excessive stress on the EOP, possibly leading to an EEOP. This 
pull from the neck musculature may be due to higher neck muscle activity in neutral postures.  
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We also found an interaction of group and sex for head circumference. Females with 
EEOPs were significantly different than all other groups, males with EEOPs were different than 
females without EEOPs, and finally, males without EEOPs were different from females without 
EEOPs. There are no previous works looking at head circumference differences in those with 
EEOPs. A larger head circumference may indicate a heavier head which would put more strain 
on the neck musculature to maintain a neutral posture. This, in turn, would put more stress on the 
EOP possibly leading to an EEOP over time. Although, we found that females with EEOPs had 
significantly smaller head circumferences indicating less work on the neck musculature, due to 
the extremely small sample size of this group for this variable (n=2), the power of this analysis is 
very small. Future work will need to have larger and equal groups of both sexes (male and 
female) and both groups (present and absent) to increase the power of the analysis and solidify 
any differences. 
6. Future Work 
Although not investigated in this study, there may be an influence of activity level or 
occupation on EEOP formation. Boney spurs or enthesophytes in other parts of the body can 
occur due to repetitive stress on the bone53–55. For example, olecranon spurs are commonly seen 
in those who perform heavy manual labor or experience repetitive elbow extension54,55. When 
looking at heel spurs, it was found that these spurs seem to form not from the traction from soft 
tissue but rather from vertical loading of the bone, similar to the stress seen during standing or 
walking53. Unfortunately, there is a gap in research looking at occupation or activity level in 
those with EEOPs. With active inflammation factors and genetic predispositions being ruled out, 
the formation of an EEOP may follow a similar pattern to enthesophytes and bone spurs in other 
parts of the body. Occupations that require prolonged and repetitive neck flexion and/or require 
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the prolonged use of heavy headwear may follow similar patterns as olecranon spurs. This would 
put stress on the EOP that could lead to the development of an EEOP. Future work should collect 
variables on occupation, activity levels, and smartphone usage between those with and without 
EEOPs to look at the possibility of prolonged loading as a contributor.  
7. Limitations & Delimitations 
This was a cross sectional study therefore only capturing one point in time and leaving 
external factors that could have contributed to the EEOP occurrence over time such as 
occupation. Future work would benefit from performing a longitudinal study that follows 
participants from a young age into early adulthood to better understand the development of the 
EEOP. This may not be a feasible option so other scenarios should be considered as well, such as 
performing a retrospective study on a previously collected longitudinal study. Another limitation 
of this study would be that this was a convenience sample. This being a convenience sample 
hurts the generalizability of our data set. Due to this convenience sampling, our sample size was 
not as large as it needed to be, and we could not collect more radiographs. We also saw uneven 
groups. With only 15 participants greater than 30 and 1 participant greater than 30 years old with 
an EEOP, our analysis has lower power with these groups. Future work should ensure even 
grouping within all age groups and treatments. Another limitation was that neck strength, as well 
as head and neck circumferences were not collected for all participants. This may have inhibited 
how representative the data is for those variables with a smaller sample size. 
A delimitation of this study is that all measurements were taken by one researcher. This 
ensures all measurements were consistent. Table 3 shows that all ICC values were high, ranging 




 Individuals with EEOPs had larger neck circumference than those without EEOPs; 
however, there were no significant differences in neck strength between the two groups, 
contradicting the idea that this increase neck circumference may be due to increased neck muscle 
volume and strength. Neck posture in neutral and flexion also did not differ between those with 
and without EEOPs. Future work should investigate the influence of neck muscle volume and 
strength between those with and without EEOPs and the potential influence of occupation and 
activity level on EEOP occurrence. In addition, future work should look at possible lordotic 
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